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Abstract 
,Q WKLV ZRUN ZH SURSRVH WKH GHVLJQ DQG FKDUDFWHUL]DWLRQ RI D QHZ VKDSH PHPRU\ DOOR\ DFWXDWRU EDVHG RQ D VOLGHU DQG VORW
PHFKDQLVP7KHGHYLFHLVFRPSRVHGE\WZRFRXSOHVRIRSSRVHG60$FRLOHOHPHQWV7KH60$HOHPHQWVDUHKHDWHGE\PHDQVRI
-RXOH HIIHFW FRQQHFWLQJ WKHLU HQGV WR DQ HOHFWULF SRZHU VXSSO\ WKURXJK VSHFLDO WHUPLQDO FOLSV 7KH DFWXDWRU H[KLELWV D OLQHDU
UHODWLRQEHWZHHQWKHDSSOLHGFXUUHQWDQGWKHUHDOL]HGVSHHGDOVRZLWKYDU\LQJPHFKDQLFDOORDG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRI(XURVHQVRUV
.H\ZRUGVVKDSHPHPRU\DOOR\OLQHDUDFWXDWRUVOLGHUDQGVORWPHFKDQLVPDFWXDWRUFKDUDFWHUL]DWLRQIDQFRROLQJ-RXOHHIIHFWVSHFLDOWHUPLQDO
FOLSVOLQHDUFKDUDFWHULVWLFEHKDYLRXU
1. Proposed actuator 
7KHVKDSHPHPRU\DOOR\V60$UHSUHVHQWDFODVVRIPHWDOOLFPDWHULDOVZLWKSDUWLFXODU WKHUPRPHFKDQLFDODQG
HOHFWULFDOSURSHUWLHVKLJKSRZHUGHQVLW\DQGDELOLW\RISURGXFLQJFRPSDUDWLYHO\ODUJHDFWXDWLRQVWUDLQVVWUHVVHV>@
$GHPDQGLQJUHVHDUFKILHOGIRUWKHDSSOLFDWLRQRIWKHVHGHYLFHVWRPHFKDWURQLFV\VWHPVLVWKHFRROLQJKHDWLQJRIWKH
60$ HOHPHQWV >@ ,Q WKLV ZRUN WKH VKDSH PHPRU\ HIIHFW LQ WKH 60$ HOHPHQWV LV UHDOL]HG LQFUHPHQWLQJ WKHLU
WHPSHUDWXUH WKURXJK UHVLVWLYHKHDW LH IHHGLQJ WKHPZLWK DQ HOHFWULF FXUUHQW , WRSXW WKHP LQ WKH21FRQGLWLRQ
:KHQ D 60$ HOHPHQW LV GHDFWLYDWHG IURP21 WR2)) FRPPDQG LW PXVW EH VXGGHQO\ FRROHG EHIRUH LW FDQ EH
SDVVLYHO\GHIRUPHGWRDYRLGGDPDJHWRWKLV60$HOHPHQWWKDWFDQORVHWKHVKDSHPHPRU\HIIHFW:HSURSRVHDQ
LQQRYDWLYHOD\RXWWKDWDOORZVDVLPSOLILFDWLRQRIWKHFRROLQJUHDOL]HGZLWKDVLQJOHIDQ7KHGHYLFHLVUHDOL]HGZLWKD
VOLGHUDQGVORWPHFKDQLVP)LJZKHUHWKHVOLGHULVIL[HGWRWKHIUDPHDQGWKHVORWFDQWUDQVODWHDORQJLWVD[LV7KH
HOHFWULFFRQWDFWVDWWKHHQGVRIWKH60$HOHPHQWVDUHYHU\VWDEOHDQGVROLGZLWKUHVSHFWWRFRPPRQVROXWLRQV>@


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVDOEHUWRERUERQL#XQLEVLW
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7KHPHFKDQLFDOSRZHULVWUDQVPLWWHGWKURXJKWKHVORWDQGQRWDVXVXDO WKURXJKWKHVOLGHULQWKLVZD\WKHDSSOLHG
IRUFH)WFDQEHRQWKHGRIGHJUHHRIIUHHGRPOLQHDYRLGLQJPHFKDQLFDOEHQGLQJPRPHQWV

)LJ$FWXDWRUGHVLJQOHIWDQGVFKHPHULJKW
2. Experimental results 
$WHVWEHQFKZDVUHDOL]HGWRWHVWWKHSURSRVHGSURWRW\SHDVVKRZQLQ)LJXUH7KHWHVWEHQFKLVFRPSRVHGE\D
VXSSRUWWKDWLVFRQVWUDLQHGWRWKHJXLGHRIWKHDFWXDWRUWKURXJKWZRSODWHVFRQQHFWHGZLWKWZRVFUHZV7ZRKROHV
DUHUHDOL]HGRQWKHEDVHRIWKHDFWXDWRUZKHUHWZRGRZHOSLQVDUHLQVHUWHG$JXLGHLVSRVLWLRQHGXQGHUWKHDFWXDWRU
ZKHUHWKHOLPLWVZLWFKHVDUHSRVLWLRQHGWKURXJKWXQDEOHVXSSRUWV7KLVHOHFWURPHFKDQLFDOFRQILJXUDWLRQLVGHYHORSHG
IRUDQHDV\WHVWRIF\FOLFIXQFWLRQLQJRIWKHDFWXDWRU7KHSRVLWLRQPHDVXUHVDUHUHDOL]HGZLWKDOLQHDUSRWHQWLRPHWHU
FRQQHFWHGWRDQHQGRIWKHVORWRIWKHDFWXDWRU

)LJ7HVWEHQFKXVHGWRWHVWWKHDFWXDWRUUHDOLPDJHOHIWDQGVFKHPHULJKW
$ VHULHV RI WHVWV ZDV SHUIRUPHG RQ WKH DFWXDWRU ZLWK VHYHQ OHYHOV RI DSSOLHG PHFKDQLFDO ORDG LQ WKH UDQJH
·11FRQVWDQWVWHSDQGZLWKVL[OHYHOVRIDSSOLHGHOHFWULFFXUUHQWDWWKHHQGVRIWKHDFWXDWRULQWKHUDQJH
·$$FRQVWDQWVWHS(DFKWHVWZDVUHSHDWHGWHQWLPHVWRHYDOXDWHWKHUHSHDWDELOLW\RIWKHPHDVXUHG
EHKDYLRU(DFK WHVWZDVSHUIRUPHGLQ WKH VDPHHQYLURQPHQWDOFRQGLWLRQVZLWKDQH[WHUQDO WHPSHUDWXUHRI&LQ
FDOPDLU$IWHU WKHHQGRIHDFK WHVW WKHDFWXDWRUZDV VHW LQ WKHRIIFRQGLWLRQ ZLWKRXW IHHGLQJHOHFWULFSRZHUDQG
ZLWKRXWH[WHUQDOFRROLQJIRUPLQXWHV7KHDFWXDWRUZDVDFWLYDWHGRQDVWURNHRIPPZLWKWKUHHVHTXHQWLDO
F\FOLFPRYHPHQWV WKHQ WKH ILUVWF\FOHZDVGLVFDUGHG LQHYHU\ WHVWEHFDXVH WKHDFWXDWRUQHHGVD KHDWLQJSHULRG WR
VKRZDUHSHDWDEOHEHKDYLRU
 0HFKDQLFDOUHVXOWV
7KHSRVLWLRQRIWKHPRELOHSDUWRIWKHDFWXDWRUZDVPHDVXUHGZLWKD3<OLQHDUSRWHQWLRPHWHUE\*HIUDQ#7KLV
DFWXDWRULVDEOHWRZRUNLQDUDQJHIURPWRPPZLWKDOLQHDULW\DPD[LPXPVSHHGHTXDOWRPVDQ
XQGHFODUHGUHVROXWLRQWKDWLVVXUHO\OHVVWKDQPPXQGHURXUFRQGLWLRQVDPLQLPXPDSSOLHGIRUFHHTXDOWR1
WKDW LV DVVRFLDWHG WR LQWHUQDOPHFKDQLFDO IULFWLRQ 7KH SRWHQWLRPHWHU ZDV PRXQWHG ZLWK D VWURNH SDUDOOHO WR WKH
VWURNHRIWKHDFWXDWRUDGRSWLQJDKLJKDFFXUDF\VSLULWOHYHOPPRYHUPPE\0LWXWR\R#7KHFRQQHFWLRQ
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EHWZHHQWKHVHQVRUDQGWKHDFWXDWRUZDVUHDOL]HGZLWKDVSKHULFDO MRLQWWRDYRLGWUDQVIHUULQJXQGHVLUHGPHFKDQLFDO
DFWLRQVDVVRFLDWHGWRSRVLWLRQLQJHUURUVEHWZHHQWKHVHQVRUDQGWKHDFWXDWRU


)LJ6SHHG>PPV@YHUVXVDSSOLHGIRUFH>1@GXULQJGRZQKLOOOHIWDQGXSKLOOULJKW

5HVXOWVDUHVKRZQLQ)LJXUHZKHUHDUHODWLRQEHWZHHQWKHIHHGLQJHOHFWULFFXUUHQWDQGWKHPHFKDQLFDOVSHHGFDQ
EHREVHUYHG7KH DSSOLHG ORDGGRHVQRW LQIOXHQFH WRRPXFK WKLV UHODWLRQ HVSHFLDOO\ZLWK UHGXFHG HOHFWULF FXUUHQW
:KHQWKHHOHFWULFFXUUHQWDQGWKHDSSOLHGPHFKDQLFDOORDGLVKLJKDVOLJKWGHYLDWLRQIURPWKLVEHKDYLRULVREVHUYHG
LQ IDFW WKHPHFKDQLFDO ORDGKHOS WKH VSHHG LQFUHPHQWGXULQJ WKHGRZQKLOO SKDVH DQG UHGXFH WKH VSHHGGXULQJ WKH
XSKLOOSKDVH1HJOHFWLQJWKHVHRYHUORDGLQJFRQGLWLRQVWKHUHODWLRQEHWZHHQDSSOLHGHOHFWULFFXUUHQWDQGWKHUHVXOWLQJ
PHFKDQLFDOVSHHGLVUHSUHVHQWHGE\HTXDWLRQZKHUHWKHVSHHGYLVH[SUHVVHGLQPPVDQGWKHHOHFWULFFXUUHQW,LV
H[SUHVVHGLQ$

 
 
   
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 7KHUPDOUHVXOWV
7KH WKHUPDO DQDO\VLV ZDV SHUIRUPHGZLWK D 7KHUPD&$0# LQIUDUHG FDPHUDZLWK D VHQVLWLYLW\ HTXDO WR &
XVLQJ WKH VRIWZDUH LQWHUIDFH 7KHUPD&$05HVHDUFKHU 3URIHVVLRQDO  7KH LQVWUXPHQW ZDV SRVLWLRQHG DW  FP
IURPWKHDFWXDWRULQDIURQWDOYLHZDQGGDWDZHUHUHJLVWHUHGHYHU\VHFRQG7KHHOHFWULFHTXLSPHQWVWKHPHFKDQLFDO
VWUXFWXUHDQGWKHHQYLURQPHQWZHUHPDVNHGZLWKDEODFNSDQHOGHSWKHTXDOWRPP(DFKWHVWZDVSHUIRUPHGZLWK
D  PLQXWHV UHFRUGLQJ RI WKH FDPHUD ZLWK WKH VDPH HOHFWULF IHHGLQJ DQG PHFKDQLFDO DFWLRQ OHYHOV XVHG IRU WKH
PHFKDQLFDOWHVWV7KHVRIWZDUH7KHUPD&$05HVHDUFKHU3URIHVVLRQDODOORZVWRHODERUDWHWKHUPDOGDWDDVVRFLDWHGWR
WKH WHPSRUDO SDWWHUQ LQSRLQWV OLQHVRU VXUIDFHV WKDW DUH IL[HGZLWK UHVSHFW WR WKH UHIHUHQFH IUDPH:HZDQWHG WR
PHDVXUHWKHWHPSHUDWXUHRIWKH60$HOHPHQWVWKXVIRFXVHGWKHDWWHQWLRQRQWKHODWHUDORSHQLQJVRQWKHVWUXFWXUHRI
WKHDFWXDWRUDQGVSHFLILFDOO\RQWKHSRLQWVRIWKH60$LQGLYLGXDWHGE\WKHKRUL]RQWDOSODQHFRQWDLQLQJWKHD[LVRI
WKHFRLO7KHQZHPHDVXUHGDOVRWKHWHPSHUDWXUHDWWKHWHUPLQDOVRIWKHDFWXDWRU7KHREVHUYDWLRQDUHDZDVGHOLPLWHG
ZLWK WZR UHFWDQJXODUPDUNHUV PP[ PP DQGZLWK D WKLUG UHFWDQJXODUPDUNHU PP [ PP DEOH WR
FRQWDLQWKHLQWHUHVWLQJDUHDRIWKHDFWXDWRUDVVKRZQLQ)LJXUHRQWKHOHIW$VVKRZQLQ)LJXUHRQWKHULJKWWKH
PD[LPXP REVHUYHG WHPSHUDWXUH LQ D VLQJOH F\FOH HDFK SHDN LQFUHDVHV GXULQJ WKH ILUVW F\FOHV DQG WKHQ UHPDLQV
FRQVWDQWIRUWKHQH[WF\FOHV

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 
)LJ7KHUPDOPDUNHUIRUWKHLQIUDUHGFDPHUDOHIWDQGPD[LPXPWHPSHUDWXUHPHDVXUHGZLWK, $DQG) 1ULJKW
7KXVIRUHYHU\FRQVLGHUHGHOHFWULFDOIHHGLQJFXUUHQW,DQGPHFKDQLFDOFRQGLWLRQDSSOLHGPHFKDQLFDO ORDG)
WKHPD[LPXPWHPSHUDWXUHZDVFRPSXWHGDQGUHVXOWVDUHOLVWHGLQ7DEOH

7DEOH0D[LPDOWHPSHUDWXUHREVHUYHGE\DQLQIUDUHGFDPHUD>&@YHUVXVIHHGLQJFXUUHQW,>$@
DQGPHFKDQLFDOORDG)>1@GXULQJWKHDFWXDWRU¶VIXQFWLRQLQJ
 ) >1@ ) >1@ ) >1@ ) >1@
, >$@    
, >$@    
, >$@    
, >$@    
, >$@    
, >$@    
 &RQFOXVLRQVDQGGLVFXVVLRQ
$FKDUDFWHUL]DWLRQRIDQHZ60$DFWXDWRUZDVSURSRVHGKHUH7KHDFWXDWRUH[KLELWVD OLQHDU UHODWLRQEHWZHHQ WKH
IHHGLQJHOHFWULFFXUUHQWDQGWKHUHDOL]HGPHDQVSHHGLQGHSHQGHQWO\E\WKHDSSOLHGPHFKDQLFDOORDG7KHJHQHUDWHG
PHDQVSHHGLVUHSHDWDEOHWKHGLIIHUHQFHEHWZHHQWKHPLQLPXPDQGWKHPD[LPXPVSHHGIRUDVLQJOHFRQGLWLRQLVOHVV
WKDQ)XUWKHULQYHVWLJDWLRQVDUHQHHGHGRQWKHSRVVLELOLW\WRIRUHFDVWFRQWUROWKHSRVLWLRQRIWKHPRELOHHOHPHQW
GXULQJWKHPRYHPHQWDQGUHOLDELOLW\RIWKHGHYLFHPXVWEHHYDOXDWHG
5HIHUHQFHV
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